REMARKS 

In view of the above amendments and the following remarks, reconsideration of 
the rejection and further examination are requested. 

Claims 1-24 are pending in this application. Claims 1-24 stand rejected and are 
amended herein. No new matter has been added. 

The specification and abstract have been carefully reviewed and revised to make 
grammatical and idiomatic improvements in order to aid the Examiner in further 
consideration of the application. A substitute specification and abstract including the 
revisions have been prepared and are submitted herewith. No new matter has been 
added. Also submitted herewith are marked-up copies of the substitute specification and 
abstract indicating the changes incorporated therein. 

Claims 1-24 have been rejected under 35 U.S.C. § 1 12, second paragraph, as 
being indefinite for failing to particularly point out and distinctly claim the subject matter 
which applicants regards as the invention. 

Claims 1-24 have been amended to address each of the Examiner's concerns. In 
particular regarding claim 1 1, the claim 1 1 language has been amended to more definitely 
recite the "trend" by reciting that a predetermined trend is a relation between a 
determined current or voltage and a laser temperature for a required output wavelength, 
wherein the relation is defined by longitudinal mode jump boundaries within a mapping 
of wavelength interdependence of the determined current or voltage, whereby the output 
wavelength of the tuneable laser is maintained at the required operating value without a 
substantial mode jump. 

Moreover, regarding claim 1 1 , the Examiner asserted that the claim recited the 
controller being independent of temperature and also recited the controller being based on 
temperature. The Applicants note for clarification that the controller as recited in claim 
1 1 is not independent of the laser temperature. Rather, as recited in claim 1 1, the laser 
output, which is controlled by the controller, is independent of the laser temperature. 

Accordingly, for at least the reasons set forth above, the Applicants respectfully 
request that the 35 U.S.C. § 1 12, second paragraph, rejections of claims 1-24 be 
withdrawn. 
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It is noted that the Examiner has not rejected claims 1-24 over prior art. Thus, in 
view of the foregoing amendments and remarks, all of the claims now active in this 
application are believed to be in condition for allowance. Reconsideration and favorable 
action are respectfully solicited. 

Should the Examiner believe there are any remaining issues that must be resolved 
before this application can be passed to issue, it is respectfully requested that the 
Examiner contact the undersigned by telephone in order to resolve such issues. 



KM/CRW/km 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
February 21, 2008 



Respectfully submitted, 



Alwyn SEEDS, et al. 




Kevin McDermott 
Registration No. 48,1 13 
Attorney for Applicants 
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10 ATHERMALISATION OF TUNEABLE LASERS 



FIELD OF THE INVENTION 

15 

This invention describes a method and system to obtain stable output wavelength from 
tuneable laser diodes without the use of laser temperature control such as that provided by 
a thermo electric cooler control (TEC). In more detail, it relates to an apparatus for 
compensating for the temperature dependence of the wavelength of a semiconductor laser, 
20 and the methods for using the apparatus to synthesize exact optical frequencies from a 
tuneable laser without any temperature control. 

BACKGROUND OF THE INVENTION 

25 

Fibre optic wavelength division multiplex (WDM) telecommunications networks 
require tuneable sources which can cover all the spectrum allowed. Such sources exist and 
offer tuneable (by way of example DBR -Distributed Bragg Reflector- or DFB - 
Distributed Feed Back- laser) or highly tuneable (by way of example SG-DBR -Sampled 

30 Grating- or SSG-DBR -Super Structure Grating-) output, however WDM applications 
require sources having good stability in wavelength. In current practice, this is provided 
by temperature control since the main cause of wavelength drift is variation in laser 
temperature as tuneable laser output wavelength is temperature dependent (typical 
coefficient: 0.1 nm/degree). The temperature is usually controlled by means of a Peltier- 

35 effect thermoelectric cooler. Such devices consume up to 10 W of electrical power y 
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compared to ef an order of 0.2 W consumed by the laser. In large WDM systems with 50- 
200 channels the resultant prime power and cooling requirements are onerous. 
Furthermore, as laser diode operating temperature ranges are increased to from 0 to 85 
degrees C, coolerless operation becomes very attractive for reduced power consumption 
5 and cost and increased reliability. 

SUMMARY OF THE INVENTION 

In its broadest independent aspect, the invention provides a tuneable laser apparatus 
10 comprising a tuneable laser, a thermal sensor and a controller, characterised in that said 
controller controls at least one or a combination of the following variables: the currents, 
the voltages, a tuning section and a phase sections- an d. Moreover, the controller 
incorporates means which adjust any appropriate one or combination of said these 
variables taking into account the laser's output wavelength dependency on temperature 
15 and section currents/voltage, whereby the output wavelength may be kept at the desired 
operating value without any significant mode jumpi whatever regardless of the 
temperature of operation within the laser's operative range. 

In a subsidiary aspect in accordance with the invention's broadest aspect, the apparatus 
20 comprises no closed loop laser temperature control means. 

In a further subsidiary aspect, the apparatus further comprises a low pass filter for 
removing rapidly changing signals in the control currents or voltages. 

25 In a further subsidiary aspect, the laser is a Distributed Bragg Reflector (DBR) tuneable 
laser diode. 

In a further subsidiary aspect, the laser is a Distributed Feed Back (DFB) tuneable laser 
diode. 

30 

In a further subsidiary aspect, the laser is a Sampled Grating Distributed Bragg Reflector 
(SG-DBR) tuneable laser diode and the controller includes a processor programmed to 
follow the tuneability mapping of the two or more tuning section and/or phase section 
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currents or voltages, and feeds control signals to those sections suitable to give the 
required wavelength. 

In a further subsidiary aspect, the laser is a Super Structure Grating Distributed Bragg 
5 Reflector (SSG-DBR) ? tuneable laser diode* and the controller includes a processor 
programmed to follow the tuneability mapping of the two or more tuning section and/or 
phase section currents or voltages, and feeds control signals to those sections suitable to 
give the required wavelength. 

10 In a further subsidiary aspect, the laser is a vertical cavity filter laser and the controller 
includes a processor programmed to follow the tuneability mapping of the two or more 
tuning section and/or phase sections currents or voltages, and feeds control signals to 
those sections suitable to give the required wavelength. 

15 In a further subsidiary aspect, the apparatus incorporates a coolerless system associated 
with an optical phase lock loop (OPLL) to provide a frequency referenced coolerless laser 
diode. 

In a further subsidiary aspect, the apparatus incorporates a coolerless system associated 
20 with an optical injection phase lock loop system (OIPLL) to provide a frequency 
referenced coolerless laser diode. 



25 BRIEF DESCRIPTION OF THE FIGURES 

Various specific embodiments of the present invention are now described, by way of 
example only, with reference to the accompanying drawings, in which: 

30 Figure It shows typical three and four section tuneable lasers; 

Figure 2- shows a typical tuneability map for a four section laser at a fixed temperature; 
Figure 3t shows a typical temperature dependence at a fixed wavelength for the grating 
section currents of a four section laser (SSG-DBR); 
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Figure 4t shows the stability results for a four section laser (SG-DBR or SSG-DBR) when 
the laser temperature is varied over the range from 15 °C to 40 °C in comparison with the 
stability results when the invention is not used; 

Figure 5t shows the stability when the laser temperature is varied over the range from 15 
5 °C to 40 °C for a four section laser (SG-DBR or SSG-DBR) for 32 different wavelengths; 

Figure 6t shows a simple scheme to control the output wavelength as a function of the 

chip temperature for a three or a four section laser; 

Figure 1- shows a simple scheme to control the output wavelength as a function of 

the chip temperature for a three or four section laser: and 
10 Figure 8t shows the inclusion of the control scheme into a phase lock loop scheme 

to give a referenced optical frequency output without any temperature control. 



DETAILED DESCRIPTION OF THE HGURESINVENTION 

15 

This invention proposes a simple and effective scheme to obtain frequency stable laser 
operation without active laser temperature control. The method relies on sensing the chip 
temperature and relating it to the tuning and/or phase section(s) electrical parameters for a 
given optical frequency. By mapping the frequency interdependence of up to four 

20 parameters, a simple relation can be extracted between the different parameters involved. 
This relation is defined by the longitudinal mode jump (i.e. the output wavelength) 
boundaries within the mapping, which are to first order temperature independent and the 
linear variation of the wavelength with temperature (-O.lnm/degree C). Therefore, one 
can program current/voltage controllers from a chip temperature reading obtained via a 

25 temperature sensor (most commercial laser modules have an in-built temperature sensor) 
to give suitable values for the tuning and/or phase section current(s)/voltage(s) to obtain 
and maintain the wanted output frequency. The laser temperature is kept within its 
allowed maximum limit using conduction transfer through the package and normal 
equipment cooling. 

30 

This invention can also be associated with prior art UK Application No. 0113911.2 by 
C.F.C. Silva and AJ.Seeds entitled "Optical Frequency Synthesizer" in respect of 
frequency referencing and frequency error free systems such as Optical Phase Lock Loop 
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(OPLL) and optical injection phase lock loop (OIPLL). The previously described systems 
offer a way to reference the output of the tuneable laser to a master frequency which could 
be provided by an optical frequency comb generator (OFCG). However in that work the 
tuneable laser was used with a temperature controller since the OIPLL provides stable 
5 locking only for a range of 5 degrees C. This invention in combination with either the 
OPLL or OIPLL scheme will provide a zero frequency error source, which can be used 
effectively in WDM and dense WDM (DWDM) systems, as the tuneable lasers will be 
coolerless. 

10 This invention discloses a novel technique to achieve tuneable laser operation at any 
desired optical frequency without the need for laser temperature control. This technique is 
based on a simple scheme including a thermal sensor and a current/voltage control 
system. The invention also discloses a high performance frequency error free optical 
source eliminating the need for temperature control by combining the disclosed technique 

15 with prior work on optical injection phase lock loop systems. 

A typical tuneable laser as shown in Figure 1 comprises three or four sections. (1) is the 
gain section^ (2) is the phase section , and (3) and (4) are the main tuning sections. The 
current on (1) controls the output power, the current/ or voltage on (2) control -controls the 

20 length of the effective Fabry-Perot cavity to adjust to the exact longitudinal mode needed, 
the currents/voltages on (3) and (4) adjust the wavelength to that required. A three section 
laser may omit one of the tuning sections (3), (4) or the phase control sections section (2), 
and in a simple DBR laser, omit one of the tuning sections (3), (4) . A typical four sections 
section laser tuneable output is represented in Figure 2. One can see the different region of 

25 tuneability over a continuous shift of the longitudinal mode. Tuning ranges of over 40 nm 
in wavelength are obtained for typical four section lasers. 

When the temperature of the chip changes, the output wavelength of the laser changes. 
For a laser with one grating section the output wavelength will change linearly with the 
30 temperature at a rate of approximately O.lnm/degree C, the variation being continuous if 
there is no other reflector forming part of the lasing cavity or discontinuous if there is 
such a reflector. The output wavelength also changes linearly with the current/voltage 
applied to the grating section. For a laser with two grating sections the output wavelength 
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still changes linearly with the chip temperature at the same rate of approximately 0.1 nm/ 
degree C. However, this time the wavelength is linked with the grating section 
currents/voltages by the map shown in Figure 2, but the mode jump boundaries (where the 
wavelength changes are large) of the mapping do not change to first order, meaning that 

5 the zones of stable longitudinal mode (no mode jump) are unchanged with the chip 
temperature. An important feature of this invention is the use of this property to simplify 
the computation of the required current/voltage changes for the tuning section(s) and/or 
the phase section to give the required wavelength independently of the laser temperature. 
To be more precise^ by way of example, as th e s e Figure 2 shows zones that are 

10 represented by almost linear areas going from low slope to high slope^-th e. A program 
could first determine in which zone the laser is operating by reading the current/voltage 
applied to the tuning sections* then trends witt-beare assigned to determine the variation of 
the different currents with the temperature knowing that the wavelength will change at an 
approximate rate of 0.1 nm/degree C. At that point the program will just read the laser 

15 temperature and change the current/voltage applied to the tuning sections and or phase 
section using the trends assigned previously. This will give, for a given wavelength, an 
interdependence as seen in the example of Figure 3. 

By way of example, the process could be applied to a four section laser SG-DBR or 
20 SSG-DBR using quadratic trend, such as y = 0.06x 2 + 0.1661x + 21.629 for the front 
grating A y = 0.0193x 2 + 0.0606x + 17.467 for the rear grating , and y = 0.1059x 2 - 2.5997x 
+ 15.917 for the phase section. Such trend will result in the stability (without mode jump) 
shown in Figures 4 and 5 (for 32 different wavelengths) for temperature changes from 13 
to 40 degrees C: less than 0.1 nm drift compared to the 3 nm drift expected for this 
25 temperature shift. Note that the temperature range over which stability is demonstrated 
was set by the permissible operating temperature range of the particular laser used* not by 
the method of the invention 

Figure 6 illustrates the invention. The system for laser frequency control shown in 
30 Figure 6 includes a thermal sensor (5) (often included in the laser package) and a 
microprocessor (6) or analogue controller to derive control currents/voltages for the laser 
based on the sensed temperature and required wavelength. To be more specific, in this 
invention, the controller outputs will depend on the correction needed. For a four section 
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laser diode, the correction could be a program based on the linear dependence between 
wavelength and temperature and the mapping of wavelength dependence for the two 
tuning section currents/voltages. This could be associated with filtering to remove any 
rapidly changing signal (the temperature changes are usually slow (jxs) in time). For a 
5 single tuning section laser the controller uses the slopes of the wavelength-temperature- 
current/voltage characteristics and a filter could be added to remove any rapidly changing 
signal. 

Figure 7 shows the association of the wavelength control and the OPLL to obtain a 
10 frequency referenced laser. The OPLL system comprise comprises a coupler (7) to take 
part of the output of the slave laser, a master source Optical Frequency Comb Generator 
(OFCG) (8), which is driven by a microwave reference source (9). The outputs of the 
master laser and part of the output of the slave laser are combined in a coupler (10) and 
then detected by a photodiode (11). The resulting heterodyne signal is then amplified (12) 
15 and sent to a mixer (13), which also receives the microwave reference (9) signal with 
phase matched by a delay line (14). The resultant signal is then sent to the control circuit 
(15) which will feed the slave laser current/voltage source. The slave laser will be the 
coolerless wavelength control system described previously. Such systems will provide 
output frequencies exactly determined by the reference signals and the master comb 
20 generator can feed a multi-coolerless source system (only the master laser needs to be 
stable with temperature). 

Figure 8 shows the association of the wavelength control system and the OIPLL to 
obtain a frequency-referenced laser without the phase lock loop delay restrictions of the 

25 previously described system. The OIPLL comprises an OIL (optical injection locked) 
laser plus a phase lock loop as described above. In the OIL the output of the master goes 
to an optical circulator (16) to be sent to the slave laser (for the optical injection). The 
output of the slave laser (combined with part of the output of the master laser) goes back 
to the circulator. The output of the circulator is then sent to a coupler (7). The low power 

30 output from the coupler is then sent to the PLL system described previously. Such a 
system provides a highly stable referenced laser with fast locking and coolerless 
operation. 
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ABSTRACT OF THE DISCLOSURE 

5 ATHERMALISATION OF TUNEABLE L ASERS 

This invention describes a technique and apparatus to use any tuneable laser to 
generate a specified output frequency without controlling its temperature. This technique 
only involves a thermal sensor and a controller to determine the current(s) or voltage(s) 
10 applied to the grating or tuning section(s) to obtain the required wavelength. The control 
loop can be implemented using a programmed microprocessor, an amplifier and a low 
pass filter. 

15 Figur e 6 illustrat e s the inv e ntion 



